Objectives-To evaluate the value of prenatal ultrasonographic diagnosis of diastematomyelia, and to provide a basis for the diagnosis and differential diagnosis of fetal diastematomyelia.
D
iastematomyelia, also known as split cord malformation (SCM), is a rare congenital malformation of the spinal cord that is a member of the spinal dysraphisms. Diastematomyelia was first discovered and named by Ollivier in 1837, and was first diagnosed with ultrasound by Williams in 1985. Diastematomyelia is characterized by segmentation anomalies of the spinal cord in the sagittal plane that are caused by fibrous, cartilage, or bone tissues. The upward movement of medullary cone is largely limited because of the median septum and thickened and shorter filum terminale, leading to the tethered cord syndrome (TCS). Diastematomyelia is usually accompanied by cutaneous abnormalities of the back, spinal deformities, and a spinal cord meningocele. The development of the spinal cord continues to be restricted by vertebrae malformation and fasciculi after birth, thus causing aggravation of neurologic symptoms.
Currently, there are few case reports involving diastematomyelia, because of the extremely low incidence. The criteria for the diagnosis and differential diagnoses of diastematomyelia have not been previously reported. With the rapid development of prenatal ultrasonography equipment and software in recent years and an increasing recognition of the severity of diastematomyelia, the early diagnosis and treatment of spinal abnormalities has been suggested to prevent the progression of nerve damage. The purpose of this study is to explore the value of prenatal diagnosis of diastematomyelia by ultrasonography, and provide a basis for the diagnosis and differential diagnosis of fetal diastematomyelia.
Materials and Methods

Subjects
This study included four fetuses with suspected diastematomyelia based on prenatal ultrasonography performed in the Shengjing Hospital, affiliated with China Medical University, between October 1, 2008, and March 1, 2015. The mean age of the selected pregnant women was 25.8 6 4.1 years, with a range between 24 and 31 years. The mean gestational age was 25.3 6 8.5 weeks, with a range between 16 and 36 weeks. This study received approval from the ethics committee of Shengjing Hospital, and informed consent was received from all patients in our study.
Instruments and Methods
A GE Voluson E8 ultrasound system (GE Healthcare, Waukesha, WI) equipped with a transabdominal dimensional 2-to 7-MHz convex array probe and a 5-to 8-MHz probe for 3-dimensional (3D) volume scanning was used in this study. A 6-to 16-MHz linear probe was used for fetal spinal cord examination after abortion.
Pregnant woman in the supine position underwent obstetric ultrasonography. The fetal head and face, spine, organs of the thoracic and abdominal cavities, extremities, umbilical cord, placenta, and amniotic fluid were measured and recorded during routine scanning. Suspected spinal cord abnormalities were further examined by sagittal and transverse section scanning to detect the morphology of the spinal canal, enlargement of the canal, abnormal echoes within the canal, enlargement of the central canal, an increase in the space between the rear arch ossification centers, integrity of the layer of skin on the back and the presence of a bulging area, the presence of an orderly spinal bead-like structure, and the physiologic curve of the spine. If necessary, the region of interest-based spinal sagittal plane was defined and 3D volumetric scans were performed. Images were stored and compared with MRI or ultrasound images after abortion.
Data were analyzed using Voluson E8 software. Coronal images of posterior spinal ossification centers were obtained by 3D multiplanar reconstruction (3D-MPR) after appropriate rotation of the x-, y-, and z-axes.
Previous cases involving the prenatal diagnosis of diastematomyelia by ultrasonography were retrieved by searching PubMed and retrospectively analyzed. All measurement data were presented as the mean 6 standard deviation. Category data were expressed as rates. Statistical analyses were performed using SPSS 15.0.
Results
None of the four enrolled pregnant women had personal or family histories of birth defects or were on medications during pregnancy. The ultrasound biometric measurements were consistent with gestational age. In Cases 1 and 2, local widening of the spinal canal was observed in addition to a spinal deformity, as indicated by prenatal ultrasonography. The spinal cord was divided into two parts in the transverse plane. The spacing between the rear arch ossification centers was increased. Continuous echoes within the skin and soft tissues were detected. Both cases were diagnosed with spinal deformities combined with diastematomyelia. In Cases 3 and 4, the ultrasonographic examinations revealed increased spacing between the local arch ossification centers with hyperechogenic masses and rear acoustic shadows, suggesting the diagnosis of diastematomyelia. The prenatal diagnosis of diastematomyelia by ultrasonography was confirmed in all four fetuses by postpartum MRI or autopsy, and pathologic examination after abortion. Varying degrees of spine or spinal cord deformities were present. The pregnancies were terminated in the two cases with multiple spinal deformity, due to poor prognosis. This was a joint decision of the spine surgeons, neurosurgeons and prenatal staff, and was approved by the local ethics committee. The other two fetuses with single diastematomyelia underwent surgery after birth.
The sonographic features of diastematomyelia are summarized as follows, based on the comparison of ultrasonographic and MRI images: Widening of the rear arch ossification centers was observed on coronal section; hyperechogenic masses with echo strengths similar to bone were occasionally detected in the widened spinal canal; rear acoustic shadows might be detected; local widening of the spinal canal was observed on sagittal section; hyperechogenic masses were usually located in the spinal canal behind the ossification center of vertebral bodies; the spinal cord was divided into two parts on the transverse plane, an extra echo was detected between the anterior and posterior walls of the spinal canal; and the overlying skin and soft tissues appeared intact on both the sagittal and transverse planes ( Figures 1-4 and Table 1 ).
Of the four cases, only one fetus underwent a MRI examination during pregnancy; however, the MRI examination failed to provide more diagnostic information. The sonographic images of diastematomyelia were compared with postpartum MRI images. Ultrasonography was not as good as MRI in illustrating the spinal dura mater, and thus could not accurately detect the type of diastematomyelia. In addition, ultrasonography only showed widening of the spinal canal and hyperechoes inside the canal in the coronal plane instead of direct evidence of diastematomyelia. However, ultrasonography was better in showing the central canal compared with MRI, and might be especially helpful in the diagnosis of diastematomyelia accompanied with widening of the central canal.
Discussion
Diastematomyelia is a rare congenital malformation with an incidence rate of 0.06%. 1 The pathogenesis of diastematomyelia has not been ascertained. Pang et al 2 believed that diastematomyelia results from abnormal or persistent adhesion between the ectoderm and endoderm in the developing spinal cord, resulting in an accessory neuroenteric canal around which condenses the endo-mesenchymal tract that splits the developing notochord into two hemicords. They furthermore divided diastematomyelia into two types based on the morphology of the hard spinal meninges, the relationship with the spinal cord, and the nature of the median septum, as follows: type I diastematomyelia, the two hemicords are located in individual spinal meninges that are separated The spacing between rear arch ossification centers was increased. Continuous echoes of skin and soft tissues were detected. B, Twodimensional sonographic image of the transverse plane at the lumbar level after abortion; the two spinal cords are marked by arrows. An extra echo was detected between the anterior and posterior walls of the spinal canal. C, Two-dimensional sonographic image of the sagittal plane at the lumbar level after abortion; local enlargement of the spinal central canal is marked by an arrow. D, Postmortem anatomic and pathologic examination; spinal cords on both sides are located within the dura mater. Fibers and vessels are observed between the two spinal cords, confirming the diagnosis of type II diastematomyelia. E, Prenatal 3D sonographic image of the coronal plane at the lumbar level; an arrow indicates a butterfly vertebrae and a straight line denotes a hemivertebrae. F, Three-dimensional CT after abortion; T11, a fully segmented hemivertebrae without the 11th right rib; S1, a fully segmented hemivertebra; L4, butterfly vertebrae. (BV, butterfly vertebrae; HV, hemivertebrae; SC, spinal cord; CC, central canal)
by bones or cartilage; and type II diastematomyelia, the two hemicords share the same spinal meninges and are separated by fibrous tissues.
The primary symptoms of diastematomyelia in children include gait disorders, progressive spinal and foot deformities, local soft tissue masses, and skin abnormalities, whereas adult patients mostly develop symptoms of TCS, such as pain (especially perineal pain), weakness of the extremities, and urinary and fecal incontinence. The occurrence and severity of clinical symptoms of diastematomyelia is largely dependent on the type of congenital anomaly and the extent of damage to the spinal cord. Some single diastematomyelia without other malformations are asymptomatic.
Ultrasonic waves can pass through the spinal canal as a result of incomplete ossification of the fetal spinous lamina, and detect the structure of the spine; thus, they can be used as a method for the early diagnosis of spinal and spinal cord deformities. Since Williams 3 first diagnosed diastematomyelia using ultrasonography in 1985, a total of 44 cases of diastematomyelia have been successfully diagnosed with prenatal ultrasonography, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] including the four cases reported in the present study. We conducted a retrospective analysis of all 44 cases, and the clinical characteristics can be summarized as follows: Gravidas with diastematomyelia diagnosed prenatally were between the ages of 18 and 40 (mean age, 27.0 6 5.4 years); the diagnosis of diastematomyelia was confirmed at a gestational age of 13 to 36 weeks (average, 21.8 6 5.5 weeks); of the 44 cases, 19 (43.2%) occurred at the lumbar level, followed by 11 at the thoracolumbar level (25.0%), 10 at the thoracic level (22.7%), 3 involving the thoracic and lumbar spine (6.8%), and 1 at the sacral spine (2.3%); 27 of 35 cases (77.1%) were categorized as type I diastematomyelia, and 9 of 35 (22.9%) were type II diastematomyelia; and 9 of Based on the sonographic features of diastematomyelia, the disease can be diagnosed as early as 13 weeks' gestation. In addition, Eleftheriades et al 21 suggested that a brain stem diameter/stem occipital diameter greater than 1.0 on the sonographic sagittal plane of the fetal brain at 11 to 14 weeks' gestation may facilitate the early diagnosis of diastematomyelia and other defects of the neural tube.
Prenatal ultrasonography of diastematomyelia is primarily characterized by widening of the ossification center of the posterior aspect of the vertebral column and abnormal intraspinal hyperechoic signals, which might be associated with the reflection produced by bone or cartilage median septum between the two hemicords in type I diastematomyelia, and related to the reflection of adipose tissue in type II diastematomyelia. 4 The hyperechoic signal of diastematomyelia is distinct from that of a lipomyelmeningocele, which is relatively low and diffuse. Abnormal hyperechoic signals are not detected in all cases. Anderson et al 1 reported a missed diagnosis of diastematomyelia as a result of the absence of abnormal hyperechoic signals on prenatal ultrasonography; type II diastematomyelia was diagnosed after birth. Because type II diastematomyelia is accounted for in only 22.9% of prenatal diagnoses, we can see that prenatal ultrasound in the diagnosis of type II diastematomyelia still has some difficulties. In the second case of type II diastematomyelia reported in our study, the extra-intraspinal echo was not clear, and fetal MRI also failed to provide any additional information as a result of the low resolution, which is consistent with a previous report 20 ; it may be misdiagnosis if not combined with other characteristics of diastematomyelia. With the increasing resolution of ultrasonography, Blondiaux et al 19 suggested that high-frequency probes may accurately display the spinal cord of the fetus in mid-to late pregnancy, and increase the rate of diagnosing spinal cord defects, especially when the abdominal wall of the mother is thin and close to the fetal spine. Indeed, ultrasound systems equipped with high-frequency probes may become the major method for the prenatal diagnosis of spinal cord abnormities.
Of the 44 reported cases of diastematomyelia, 24 exhibited cutaneous symptoms (54.5%), including hypertrichosis, hyperpigmentation, hemangioma, midline dimples, subcutaneous masses, or a dermal sinus. In addition, diastematomyelia was associated with other malformations in 30 cases (68.2%), most of which were spinal deformities (13/44), including scoliosis, kyphosis, abnormal segmentation, butterfly vertebrae, and hemivertebrae. In Cases 1 and 2, diastematomyelia was only detected after the diagnosis of the spinal deformity by ultrasonography. Because diastematomyelia is closely associated with spinal deformities, the spinal cord should be thoroughly examined if any spinal deformities are identified during prenatal examinations. Diastematomyelia, combined with spina bifida or myelomeningocele, occurred in 10 cases (22.7%).
Diastematomyelia was shown to occur with other spinal cord abnormalities in 10 cases (22.7%), including tethered cord, a low-lying spinal cord, syringomyelia, or a thickened filum terminale. The upward movement of the medullary cone was largely limited as a result of the median septum and shorter and thickened filum terminale in diastematomyelia, leading to TCS. Therefore, the fetus should be subjected to further detailed examination for early diagnosis of a low-lying spinal cord if diastematomyelia is detected. The diagnosis of TCS can be confirmed by ultrasonography if the medullary cone is below the L3-L4 level after 18 weeks' gestation. 23 In addition, prenatal MRI is slightly superior to ultrasonography in examination of the spinal cord during mid-and late pregnancy, because the latter might be affected by factors such as oligohydramnios, maternal obesity, and fetal position. Moreover, ultrasonography might also be influenced by the acoustic shadow of the vertebral bodies. In contrast, MRI yields a relatively higher rate of intraspinal defect diagnosis, and detects diastematomyelia in a much earlier stage of pregnancy compared with ultrasonography. Magnetic resonance imaging can also detect other malformations or defects that occur concurrently with diastematomyelia, and therefore can be used as a strong complementary method for the prenatal diagnosis of spinal cord defects. Additionally, in three cases of an asymmetric split of the spinal cord (6.8%), lower extremity and foot deformities were found on the ipsilateral side with a smaller hemicord.
Diastematomyelia should be differentiated from other closed spinal dysraphisms and spinal cord lipomas. A spinal cord lipoma is the most common clinical type of cryptomerorachischisis 24 that occurs near the spinal cord in the spine. It consists of a large amount of adipose and fibrous tissues that is detected as an intraspinal hyperechoic mass on ultrasonography. The hyperechoic mass of spinal cord lipomas is generally followed by a relatively low signal that is generated by subcutaneous adipose tissues adjacent to the spinal cord deformation.
Of the 44 cases of diastematomyelia, pregnancy was terminated in 18 cases (40.9%), surgery was performed after birth in 10 cases (22.7%), no symptoms were detected in 12 cases (27.3%), fetal death occurred in 2 cases (4.5%), orthopedic physiotherapy was performed after birth in 1 case (2.3%), and the postpartum condition was unknown in 1 case (2.3%). Neurologic defects may develop in patients with types I and II diastematomyelia. Symptoms usually appear after 2 years of age in asymptomatic patients with diastematomyelia, and progressively worsen. In most of the reported cases, infants were followed up for up to 2 years; therefore, it is difficult to predict the prognosis. Diastematomyelia without other defects generally have a good prognosis.
In summary, if diastematomyelia is detected by prenatal ultrasonography, the fetal spine and spinal cord should be subjected to further detailed examination to rule out deformities. Ultrasonography has provided a reliable basis for prenatal consulting and prognosis of malformations, and thereby has reduced the incidence of serious deformities and complications of the spine and spinal cord.
